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)NTRODUCTION
$ETECTION  AND  QUANTI½CATION  OF  DIOXINLIKE  CHEMICALS  IN 
BIOLOGICAL  ENVIRONMENTAL  AND  FOOD  MATRICES  IS  OF  VITAL 
IMPORTANCE  DUE  TO  THEIR  HIGH  TOXICITY  AND  POTENTIAL 
BIOACCUMULATIONBIOMAGNI½CATION  4HE PRESENT REGULATING 
PROCEDURE  HAS  BEEN  SET  TO  USE  (IGH2ESOLUTION  'AS 
#HROMATOGRAPHY (IGH2ESOLUTION -ASS 3PECTROMETRY (2'#
(2-3	  SYSTEMS  FOR DIOXIN DETECTION  (OWEVER  THE (2'#
(2-3 MEASUREMENTS  ARE OFTEN  COSTLY  AND  TIMECONSUMING 
BECAUSE  OF  ITS  REQUIREMENTS  FOR  COMPLICATED  SEPARATION 
PROCESS  AND  EXPENSIVE  INSTRUMENTATION  WHICH  UNAVOIDABLY 




CELLULAR  RESPONSE  TO  DIOXINS  ARE  BOTH  LIMITED  FOR  SCREENING 
PURPOSES  DUE  TO  INTERFERENCE  OF  CELLULAR  METABOLISM  WITH 
UNCERTAIN CONSEQUENCES )N ADDITION MOST CELLFREE BIOASSAYS 






DIOXIN  LIGAND  THE  CYTOSOLIC  !H2  WHICH  IS  TRANSLOCATED  INTO 









)NC  4EXAS  53!	    NM  NANOPARTICLES  WERE  PROVIDED  BY 
3INO!MERICAN  "IOTECHNOLOGY  #O  ,UOYANG  #HINA	  4HE 





0REPARATION  OF  HEPATIC  CYTOSOL  CONTAINING  !H2  AND 
!RNT 
4HE  !H2  AND  !RNT  PROTEIN  WERE  OBTAINED  FROM  3PRAGUE
$AWLEY  RAT  HEPATIC  CYTOSOL  4REATMENT  OF  ANIMALS  WAS  A 
STANDARD  OPERATING  PROCEDURE  ACCORDING  TO  THE  HUMANE 
HANDLING  PROCEDURE  APPROVED  BY  OUR  INSTITUTIONAL  ANIMAL 
CARE AND USE COMMITTEE ,IVERS OF MALE RATS WERE PERFUSED 
WITH ICECOLD PHYSIOLOGICAL SALINE AND THEN HOMOGENIZED AT 
#  IN  A  DOUBLE  VOLUME  OF  (%$'+  BUFFER   M- (EPES 
P(   M- %$4!  M- $44  VV	 GLYCEROL AND  
M- +#L	 4HE HOMOGENATE WAS CENTRIFUGED AT  G FOR 
  MIN  AND  THE  SUPERNATANT  WAS  COLLECTED  AFTER  ANOTHER 
CENTRIFUGATION AT  G FOR  MIN 4HEN !H2 AND !RNT 
PROTEINS PRESENT IN THE SUPERNATANT WERE STORED AT ¯# FOR 
USAGE  0ROTEIN  CONCENTRATIONS  WERE  MEASURED  BY  "RADFORD 
METHOD  USING  BOVINE  SERUM  ALBUMIN  AS  THE  STANDARD  AND 
ADJUSTED TO ¯ MGM, DILUTED IN (%$'+ BUFFER




UNDERLINED  SEQUENCES  CORRESPOND  TO  THE  !H2!RNT  BINDING 
CORE SITE AND ARE REFERRED AS $2% SEQUENCES  3EQ  
U-  ,	 DISSOLVED IN , 4RIS#L%$4! 4%	 BUFFER P( 	 





















!H2!RNT COMPLEX  IN CYTOSOL WAS ADDED  TO  THE MICROPLATES 
!S  A  NEWLY  RISING  METHOD  OF  LABELING  NANOPARTICLE 
TECHNOLOGY HAS  AN OVERWHELMING ADVANTAGE  IN  THE ½ELD OF 
BIOASSAY  DUE  TO  ITS  DIVERSE  CHARACTERISTICS  INCLUDING  NON
RADIOACTIVITY  HIGH  ELECTRON  DENSITY  HIGH  SENSITIVITY 
.IEMEYER  ET  AL  HAVE  DONE  A  LOT  OF  WORK  ON  $.!GOLD 
NANOPARTICLE  BASED  PROTEIN  DETECTION  4HEIR  RESEARCHES  LAY 
MAJORLY UPON $.!DIRECTED IMMOBILIZATION OF PROTEINS 4HE 
LINKAGE  BETWEEN  GOLD  NANOPARTICLE  AND  )G'  PROTEIN  IS  BY 
HYBRIDIZATION OF TWO COMPLEMENTARY OLIGONUCLEOTIDES ONE OF 
WHICH IS FUNCTIONALIZED WITH )G' PROTEIN VIA STREPAVIDINBIOTIN 





TO  ATTACH  THEMSELVES  COVALENTLY  TO  NANOPARTICLES    4HE 
APPLICATION OF NANOPARTICLE TO PROBES HAS PROVIDED AN ACCESS 
TO HIGH SENSITIVITY AND EASE FOR DETECTION
(ERE  WE  DEMONSTRATE  THE  DEVELOPMENT  AND  VALIDATION 
OF A NEW !H2MEDIATED BIOASSAY BASED ON THE NANOPARTICLE
MODI½ED $2% PROBES  AND  SILVER  ENHANCEMENT PRINCIPLE !S 
SHOWN IN &IGURE  WHEN THE DIOXIN TRIGGERED THE FORMATION 
OF  !H2!RNT  COMPLEX  TO  ACQUIRE  HIGHAF½NITY  $2%  BINDING 
ABILITY  THE  COMPLEXES WERE  TRANSFERRED  AND  CAPTURED  ONTO 
THE  SURFACE  OF  MICROPLATES  VIA  ANTI!RNT  ANTIBODY  LINKAGE 
4HE  GOLD  NANOPARTICLEMODI½ED  $2%  '.0$2%	  PROBES 
WERE SUBSEQUENTLY BOUND TO THE !H2!RNT COMPLEXES !FTER 
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SIGNAL  AMPLI½CATION  THE  OPTICAL  DENSITY  WAS  RECORDED  IN  A 




0". PRIOR  TO  SILVER ENHANCEMENT  TO  REMOVE  IONS  ESPECIALLY 





$IOXINS  IN  ¾Y  ASH  OF  BURNED  GARBAGE  WAS  EXTRACTED  WITH 
ACETONE BY 3OXHLET EXTRACTION PURI½ED AND ENRICHED BY SOLID 
PHASE EXTRACTION )N ORDER TO REMOVE "A	0 FROM THE SAMPLES 
IT  WAS  TREATED  WITH  !((CONTAINING  ARYL  HYDROCARBON 
HYDROXYLASE	 CYTOMICROSOME AND .!$0(  M-	 AND THEN 
DISSOLVED  IN  CANE  SUGAR  BUFFER  FOR  INCUBATION  WITH  SHAKING 
AT  #  FOR    MIN  !FTER  CENTRIFUGATION  AT    G  FOR 





7HEN DIOXINS WERE  HANDLED  TWO PAIRS  OF  PROTECTIVE  GLOVES 
WITH SOME WATER BETWEEN THE TWO LAYERS WERE WORN TO AVOID 
PENETRATION OF DIOXINS !FTER  THE EXPERIMENT  THE OPERATION 











3ILVER  ENHANCEMENT  WAS  CARRIED  OUT  BY  ADDING   
,  OF  ENHANCER  SOLUTION    G  !G./M,  (/    G 














































$ETECTION  OF  4#$$  BY  NANOPARTICLEMODI½ED 
$2% PROBES 
!FTER  THE  SIGNAL  WAS  AMPLI½ED  BY  SILVER  ENHANCEMENT  THE 
RESULT COULD EVEN BE OBSERVED VISUALLY &IGURE A	 .ANOPARTICLE 
COULD SIGNI½CANTLY ACCELERATE THE POLYMERIZATION PROCESS OF 













BASED  ON  NANOPARTICLEMODI½ED  $2%  PROBES  REVEALED  A 
MINIMUM  DETECTION  LIMIT  OF    P-  AND  SHOWED  A  LINEAR 
RANGE  OF    ORDERS  FROM  N-  TO  P- WITH  A  CORRELATION 
EF½CIENCY 2	 
4HIS  BIOASSAY  BASED  ON  NANOPARTICLEMODI½ED  $2% 
PROBES IS A HYBRID OF THE !H2MEDIATED MECHANISM AND THE 
SIGNAL  AMPLI½CATION  OF  SILVERENHANCED  GOLD  NANOPARTICLE 
)T  ELIMINATES  THE DISADVANTAGE OF  CELLBASED BIOASSAY WHILE 
KEEPING  THE  ADVANTAGE  OF  GOLD  NANOPARTICLE  MODI½ED 
PROBES 4HE PROCEDURE ALLOWS EFFECTIVE ANALYSIS TO BE CARRIED 
OUT WITHOUT COMPLICATED OR EXPENSIVE INSTRUMENTATION 4HIS 








LIVER  CYTOMICROSOME  OF  MALE  3PRAGUE$AWLEY  RAT  2ESULTS 








2	  &IGURE 	  4HE 4%1S OF NANO$2% WERE A  LITTLE 
HIGHER  THAN  THAT  BY  (2'#(2-3  ON  ACCOUNT  OF  THE  CO
ACTIVITIES  OF  ALL  CONGENERS  CONCERNING  !H2  AGONISTS  IN  THE 
SAMPLE 
5NLIKE  THE  CLASSICAL  CHEMICAL  ANALYSIS  EG  (2'#(2-3	 
WHICH  HAS  LIMITED  INFORMATION  ON  THE  BIOLOGICAL  POTENCY 
THE !H2BASED BIOASSAY INTEGRATES ALL ACTIVITIES AND POTENTIAL 
INTERACTIONS OF ALL CONGENERS  IN COMPLEX MIXTURE OF DIOXINS 
4HIS  NANOPARTICLEBASED  BIOASSAY  PROVIDES  A  USEFUL  TOOL  IN 
SCREENING DIOXINS  IN ENVIRONMENTAL OR  FOOD MATRICES  )F  THE 
RESULT  SHOWS  POSITIVE  (2'#-3  CAN  BE  EMPLOYED  TO MAKE 
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&IGURE  

















































4O  COMPARE  WITH  #!,58  THE  DOSERESPONSE  RELATIONSHIP 
OF  NANO$2%  AND  #!,58  FOR  4#$$  DETECTION  ARE  SHOWN 
IN  &IGURE    4HE  SENSITIVITY  OF  NANO$2% WAS  APPROXIMATELY 
 TIMES HIGHER THAN THAT OF #!,58 %# OF X
 - COMPARED 
TO  X  -  RESPECTIVELY	  4HE  LOW  DETECTION  LIMIT  WAS 
  TIMES  LOWER  X  -  COMPARED  TO  X  -  FOR  THE 
#!,58 ASSAY	 WHILE IT EXHIBITED HIGHER REPRODUCIBILITY #6 OF 




)T  IS  IMPORTANT  TO  ELIMINATE  NONSPECI½C  SIGNALS  OF 
NANOPARTICLE  SUCH  AS  SIGNAL  FROM BINDING OF  ANTIBODY WITH 
NANOPARTICLE  )N  ORDER  TO  AVOID  THE  NONSPECI½C  BINDING  OF 
ANTIBODY WITH NANOPARTICLE THE  INCUBATION OF NANOPARTICLE
MODI½ED  $2%  WITH  !H2!RNT  IN  THE  WELLS  WAS  PERFORMED 
IN  A  RELATIVE  HIGH  P(  VALUE  P(  	  TO  KEEP  THE  ANTIBODY 





THE PROBE WILL  BIND  SPECI½CALLY  TO !H2!RNT  COMPLEX  RATHER 
THAN NONSPECI½CALLY DUE TO ELECTROSTATIC INTERACTIONS 
#ONCLUSIONS
)N  CONCLUSION  WE  HAVE  DEVELOPED  A  BIOASSAY  FOR  DIOXIN 
DETECTION  THAT  POSSESSES  SEVERAL  ADVANTAGES  &IRSTLY  OUR 
BIOASSAY  IS EASY AND  RAPID  FOR DIOXIN MEASUREMENT WITHOUT 
CELL CULTURE WHICH TAKES ONLY  HOURS TO COMPLETE THE WHOLE 
ANALYSIS  3ECONDLY  THE  BIOASSAY  IS  OF  LOW  COST  WITHOUT  THE 
NEED  FOR  COMPLICATED  INSTRUMENTATION  !LL  OF  THE MATERIALS 
ARE  COMMERCIALLY  AVAILABLE  4HIRDLY  IT  CAN  BE  USED  FOR 







4ECH  0ROGRAM  OF  #HINA  .O!!	  AND  .ATIONAL 
.ATURAL 3CIENCE &OUNDATION OF #HINA 	
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